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ABOUT THIS REPORT
Climate change is affecting agriculture more 
than any other sector. Increased frequency 
and severity of drought, flood, heat, and 
unseasonable rainfall heavily impact rainfed 
agriculture, ultimately resulting in production 
losses. In that context, The Alliance of Bioversity 
International and the International Center for 
Tropical Agriculture (CIAT) through its climate 
action lever, are developing climate risk profiles 
for agricultural value chains in developing 
countries at the national and subnational level. 
These profiles build on past work conducted 
by CIAT and the CGIAR Research Program on 
Climate Change, Agriculture and Food Security 
(CCAFS)in collaboration with the World Bank and 
other partners, including FAO, USAID, DFID1.
The present report aims to provide a climate 
and vulnerability analysis of the Green 
Innovation Centres (GIC) target commodity 
value chains. Herein we identify climate 
change- related vulnerabilities, hazards, and 
opportunities for adaptation to the same. 
Ultimately, our goal is to foster awareness of 
risks and adaptation priorities in the selected 
value chains and inform climate investments 
and planning through the recommendations on 
priority innovations to manage climate risks.
1 https://ccafs.cgiar.org/publications/csa-country-profiles
The report begins with an extensive 
literature reviews of the selected value 
chains and their key challenges and 
adaptation strategies. Climate hazards and 
crop suitability modelling offer insights into 
potential future scenarios under climate change. 
These results inform potential adaptation 
approaches, which are prioritized by in-country 
experts and stakeholders through an online 
survey. The top-rated adaptation priorities 
undergo a cost-benefit analysis. Finally, the 
results are peer-reviewed by the GIC country 
office and the Alliance scientific staff.  
Highlights
» Agriculture accounts for 12% of Tunisia’s gross domestic product (GDP), employs 
16% of the active population, and contributes to 6% of the country’s export earnings. 
(Chapter 2, pg.8) 
» Crop and livestock production are practised mainly on small scale farms in a 
subsistence system, with crop production accounting for 80% of the value of 
production. (Chapter 2, pg.10)
» Men are major decision makers for agricultural organization, marketing, and the 
use of resources like water and land. Women mainly provide seasonal farm labour 
and are involved in small-scale animal husbandry. There is a low participation of 
youth in agricultural activities due to its labour-intensive nature and low wages.              
(Chapter 2, pg.11)
» The government of Tunisia, the private sector, and international organizations are 
committed to mitigating climate change effects and improving resiliency, but efforts 
to date have been hampered by poor coordination, a lack of systemic cooperation, 
and an institutional focus on carbon emissions over other climate strategies.   
(Chapter 4, pg.17)
» Climate variability, particularly high temperatures, erratic rainfall, drought, and 
hailstorms have a significant impact on the potato and dairy value chains in Tunisia. 
This has resulted to a decline in the quality and quantity of output, and reduced 
farm profits. (Chapter 5, pg.22-23)
» Adaptation strategies such as irrigation management, the use of improved potato 
varieties, crop diversification, the use of resilient cattle breeds, innovative watering 
systems for cattle, and building fodder reserves are also promising in building 
resilience. (Chapter 6, pg.24-25) 
» Barriers to the development of adaptation strategies include insufficient financial 
capital, poor agronomic practices, and underutilization of improved crop varieties or 
livestock breeds. (Chapter 6, pg.24) 
» Conclusively the adaptation potential for the selected value chains is promising. A 
cost benefit analysis (CBA) confirms that the use of drip irrigation during drought 
saves water, and improves productivity of potato, and the use of innovative watering 
system for cattle feeding during high temperatures enhances milk productivity. 
(Chapter 6, pg.29)
The Green Innovation Centres for the 
Agriculture and Food Sector (GIC) founded 
by German Federal Ministry for Economic 
Cooperation and Development (BMZ) and 
led by the German Agency for International 
Cooperation (GIZ) in collaboration with local 
ministries and programmes, aims to promote 
agricultural innovation under the ONEWORLD 
No Hunger initiative. Through the GIC, GIZ 
aims to generate employment raise farmers’ 
income, and improve farmers’ education and 
skills by funding training in good agricultural 
practices, water management, post-harvest 
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1 . Introduction
Situated in Northern Africa and with a 
climate ranging from Mediterranean to semi-
arid, Tunisia is vulnerable to climate change 
impacts, especially increasing temperatures, 
reduced rainfall, and extreme events such 
as hailstorms and droughts. In combination, 
these effects pose a threat to agricultural 
production systems in Tunisia by affecting 
water supply. Future climatic projections show 
that temperatures will continue rising (with an 
increase of 0.7 to 2.60C by 2050) while rainfall 
will decline (by 4.1 to 6.7% by 2050); these 
changes raise the risk of more frequent and 
prolonged droughts (USAID, 2018). The impacts 
of these climate hazards include food shortages, 
reduced crop and livestock output, damage to 
infrastructure, and decreased revenue from 
tourism and agricultural exports.
The Tunisian government recognizes the 
disruption climate change causes to the 
agricultural sector and the economy at 
large and is integrating climate change into 
its national policies, programs, and plans. 
Nonetheless, there financial, technical, and 
institutional challenges that impede a fully 
effective response to the impacts of climate 
variability in Tunisia. It is necessary to involve 
and encourage the participation of stakeholders 
among the sectoral institutions involved with 
climate change.
The government of Tunisia and its 
development partners are promoting 
resilience to climate change among farmers. 
In cooperation with the Ministry of Agriculture, 
Water Resources, and Fisheries (MARHP), the 
German Agency for International Cooperation 
(GIZ) is executing the Green Innovation 
Centres for the Agricultural and Food Sector 
Project (ProCISA) in the Northwest and Central 
West regions of Tunisia (Figure 1). The Green 
Innovation Centres (GICs) aim to strengthen 
business innovations and farmers’ capacity, 
improve services and structures, and enhance 
knowledge exchange among actors in the 
potato and dairy value chains, with the goal of 
sustainably increasing productivity, creating 
employment opportunities, and boosting 
smallholder incomes. 
This document presents Tunisia’s climate 
risk profile. It aims to inform the government 
and stakeholders in the selected value chains 
of the main climatic hazards and the climate-
smart agriculture (CSA) practices that should be 
prioritized. Its goal is to help to integrate climate 
change in the national development agenda. The 
profile is an output through a collaboration with 
the International Center for Tropical Agriculture 
(CIAT) (now part of the Alliance of Bioversity 
International and CIAT). 
Information was collected through a 
literature review and interviews with experts 
from the potato and dairy value chains. 
This profile has six sections, beginning with the 
importance of agriculture to the livelihoods 
of Indian households. The second section 
discusses policies, strategies, and programmes 
for climate change, while the third section is 
on governance, institutional, and resource 
capacities. The climate change-related risks and 
vulnerabilities in the three value chains are in the 
fourth section, followed by the climate change 
adaptation strategies, and a cost benefit analysis 
in the fifth section. Finally, the synthesis of the 
report and recommendations are highlighted in 
the last section. 
Figure 1. Map of the 
selected regions in Tunisia
Tunisia is in North 
Africa. It is bordered 
by Algeria to the West, 
the Mediterranean Sea 
stretching from North 
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» Tunisian agriculture is small-scale, subsistence-based, and is characterized by low 
input use, insufficient water resources, and low productivity. 
» The potato and dairy value chains are representative of the economic, social, and 
environmental challenges faced by farmers in Tunisia. 
» The primary hazards to agricultural productivity in Tunisia are related to water 
resources, which are already scant and which are projected to decrease due to 
climate effects. 
Key messages
2 . Agricultural Context
2.1. Economic relevance of farming 
Tunisia is the northernmost country in Africa, 
covering a land area of 164,400 km2 (FAO, 
2017). Administratively, Tunisia is divided into 
24 provinces, locally named governorates, which 
comprise 264 districts. The districts are further 
subdivided into municipalities and sectors (Blom-
Zandstra et al., 2018). 
 
Agriculture is a major economic activity in 
Tunisia in terms of income and employment. 
It accounts for 12% of the country’s gross 
domestic product (GDP2) and employs 16% of 
the active population (EC, 2013). The workforce 
in the agricultural sector has decreased over 
the past decade, from 14.5% in 1990-1995 to 
9.3% in the period 2010-2013. This trend can be 
partly explained by agriculture’s labour-intensive 
nature and low wages (ILO, 2018). Despite the 
declining trend which might portray a relatively 
low importance of the sector (a decrease from 
14.5% in 1990-1995 to 9.3% in the period 2010-
2013), the services from the agricultural sector 
have shown a steady increase, with a 2.9% 
growth rate of the value added in the sector 
(FAO, 2016). 
The main agricultural products are livestock, 
2 In 2016 the GDP of Tunisia was 42.1 billion USD (Blom-Zandstra et al., 2018).
3 Arboriculture is a term used to describe the cultivation of trees, shrubs, vines, and other perennial woody plants
cereals, arboriculture3 (olives, dates, and 
citrus fruits), and vegetables. Livestock 
constitutes more than 40% of the agricultural 
sector’s economic contribution, and 4% of the 
national GDP (EC, 2013). The importance of the 
livestock sector derives from an increase in both 
poultry and dairy production. Arboriculture 
production (25% of which is represented by 
olives) contributes to 27.6% of the value added. 
This is followed by vegetables (16.6%) and 
cereals (13.3%). In 2013, the gross production 
value of olives was 569 million USD, followed by 
dairy at 489 million USD, dates (307 million USD) 
and wheat (258 million USD) (Verner et al., 2018). 
The food processing sector alone has an annual 
production value of about 5 billion USD (Blom-
Zandstra et al., 2018).
Agricultural products also contribute to about 
6% of the country’s exports earnings (ILO, 
2018). While olive oil represents the largest share 
of exports at 28.7%, increases in date production 
mean that this crop now accounts for 17% of 
agricultural exports (FAO, 2016). Other key export 
commodities are macaroni, which contributed 66 
million USD (4.4% export value), and processed 
cheese, which contributed 34.4 million USD (2.3% 
export value) (Verner et al., 2018). 
2.2. People and livelihoods
According to the most recent housing and 
population census, conducted in 2014,4 
the population of Tunisia was 11,007,300, 
with a population density of 75 people 
per km2. Of the total population, 50.2% were 
women and 49.8% men. The Central West and 
Northwest regions represent 13% and 10% of 
the total population in the country, respectively. 
Moreover, the population in these regions is 
predominantly rural, with 64.7% in the Central 
West and 56.6% of the population in the 
Northwest (56.6%) regions residing in the rural 
areas.
About 33% of the rural population in Tunisia 
lives under poverty5, defined as living on less 
than 1.25 USD per day. The overall poverty 
rate is 15.5% (FAO, 2017). The Central West 
region of Tunisia has a higher absolute poverty 
rate at 30.7%, compared to the Northwest 
region (9.2%) (INS, 2015). This high poverty 
rate has implications for the accessibility of the 
resources necessary for agricultural production, 
thus impacting economic and food security 
levels. Access to food is an additional burden: 
8.2% of the population in the Central West and 
Northwest regions suffers from food poverty,6 
or a total of 96,002 people in the Northwest 
region, and 118,057 people in the Central West 
region. Nonetheless, food security indicators 
point to improving access. Between the period 
1990-92 and 2014–16, the prevalence of 
undernourishment declined from 0.9% to 0.5% 
(FAO, 2017). Still, not all households have access 
to clean drinking water; an estimated 42% of the 
households in the Central West and Northwest 
regions lack access to potable water.7 
 
In Tunisia, forests have become an 
increasingly significant source of livelihood, 
in addition to agriculture. About 8% of the total 
population in Tunisia resides around or inside 
4 The most recent housing and population census statistics for Tunisia is for 2014. Therefore, the statistics have widely been used in the 
text, unless cited otherwise. 
5 Defined as the proportion of people living on less than 1.25 USD a day
6 Statistics available at http://acharaa.com/ar/195280
7 Statistic available at https://ar.leaders.com.tn/article/2279
forested areas. This population earns almost one 
third of their income from forests. Additionally, 
forests provide food and energy, thus boosting 
the food security of the population depending 
on it (FAO, 2016).
2.3. Agricultural activities
Tunisian agriculture is represented by two 
production systems. The extensive system 
represents 75% of agricultural activity and is 
characterized by small plot sizes (< 10 ha). The 
intensive system is controlled by capitalists 
who are part of large agricultural enterprises 
(Radhouane, 2018). Despite the growth of 
large agricultural enterprises, Tunisia is still 
dominated by smallholder farmers who grow 
crops mainly for subsistence, with little or no 
market integration. Just over half (54%) of all 
farms are less than 5 ha (Verner et al., 2018). 
With an estimated 5 million ha of arable land 
(31% of total land area), Tunisia’s agriculture is 
focused on crops, which provide 80% of the total 
value of production in the sector; the remaining 
20% comes from animal husbandry (Radhouane, 
2018).
The climate in Tunisia varies due to its 
geographical diversity. The Northwest region 
is characterized by a Mediterranean climate 
experiencing mild, rainy winters and hot, dry 
summers. Annual rainfall here is over 400mm. 
The Central West region of Tunisia has a semi-
arid climate with temperatures as high as 32°C 
during summer and as low as 11°C during 
winter. Its annual rainfall is between 200 and 400 
mm (USAID, 2018). This allows for agricultural 
diversity, as each region produces crops that 
are suitable to the prevailing climatic conditions. 
For example, cereals, vegetables, and livestock 
are mainly produced in the northern part of 
Tunisia. Olive production is a major activity in the 
Central and Southern regions, while dates are 
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concentrated in the Southwest region of Tunisia 
(EC, 2013). 
Vegetable production covers almost 170,000 
ha of land in Tunisia, with an average annual 
production of 4 million tons. Approximately 
90,000 farmers are engaged in the production 
of vegetables. The main vegetables produced 
in Tunisia are tomatoes (1.2 million metric tons 
annually) and potatoes (370,000 metric tons) 
(Blom-Zandstra et al., 2018). Cereal production 
covers about one third of the cultivated area 
in Tunisia, or 1.5 million ha, with 58% of 
production concentrated in the Northern and 
Western regions. Wheat is the dominant cereal 
crop grown in Tunisia: durum wheat accounts 
for 54% or production and soft wheat for 36% 
(FAO, 2017). During the period 2007–2016, 
Tunisia had an average wheat production of 1.2 
million metric tons (18% of the national crop 
production) (Verner et al., 2018). Notably, there 
has been an increase in imports of cereal crops 
like wheat (24.6% of imports) and maize 11.8%, 
indicating that current in-country production 
does not meet the increasing demand for cereals 
(FAO, 2016).
Tunisia has a varied animal husbandry and 
fishery production. Cattle, sheep, and goats are 
reared in Tunisia. The sheep population is the 
highest at 6,805,000 heads, followed by goats 
(1,248,000) and cattle (671,000). When it comes 
to meat production, poultry is the greatest 
contributor (37%), followed by cattle (22%) and 
sheep (21%) (INS, 2014). As for animal products, 
Tunisia’s dairy milk production annually is 
1,149,000 metric tons; the country produces 
140,000 metric tons of chicken meat, and 98,500 
metric tons of eggs (Verner et al., 2018). Many 
species make up fishery production, of which the 
fire fish contributes the highest annual output of 
52,400 tons, followed by the coastal fish (31,812 
tons) and trawl fish (27,233 tons). Lagoon and 
aquaculture production annually produce 11,191 
tons. Other species of fish such as crustacean, 
sponge and coral are also reared in the country 
(INS, 2014). 
Agricultural production is characterized 
by low input use (especially seeds and 
fertilizers), which has led to poor crop 
productivity. However, the government has 
invested in irrigation to support production 
during periods of drought. Subsidy programs 
have also been put into place to help farmers dig 
wells and install drip irrigation systems (Verner 
et al., 2018). Currently, only 8% of the total 
cultivated land is under irrigation (Radhouane, 
2018), with 15% of wheat production under 
irrigation (Verner et al., 2018).
Women have always been active in 
agricultural activities, although their decision 
making is limited. Tunisia’s agriculture sector 
faces a devaluation of labour due to the rise 
of lucrative industrial jobs that are better 
compensated and less labour-intensive. As a 
result, the casual agricultural labour has become 
less attractive, especially for young people. 
Women generally provide seasonal labour 
in tasks that contribute to household self-
consumption. Women are also involved in small 
scale animal rearing.  Men are key in decision 
making of most of the agricultural related 
activities e.g. agricultural organization, water use 
and marketing (Moumen, 2016). 
2.4. Agricultural value chain 
commodities
The GICs identified the potato and are dairy 
value chains as representative of the economic, 
social, and environmental challenges faced by 
farmers in Tunisia. 
2.4.1 Potato 
Potato production is second to tomatoes in 
Tunisia in terms of commercialization and 
local consumption. It is one of the staple foods 
of the Tunisian diet. Generally, the potato value 
chain in Tunisia is underdeveloped since the 
focus has been on primary production (Blom-
Zandstra et al., 2018). Nonetheless, potato 
production occupies almost 17% of the total 
cultivated land in the country, with a volume of 
up to 360,000 tons annually (Marouani et al., 
2015). The main potato producing provinces are 
Cap Bon, Bizerte, Jendouba, Gafsa, Kasserine, 
and Sidi Bouzid. 
Potato production is mainly small scale, with 
most farmers (90%) growing potatoes on 
less than 1.5 ha of land. Input acquisition is a 
recurrent concern, because the national supply 
has failed to keep pace with the rising demand. 
The local seed production stands at 4000 tons; 
as a result, Tunisia depends heavily on imported 
potato seeds which can reach an annual volume 
of 25,000 tons (Blom-Zandstra et al., 2018). 
The Technical Centre of Potato and Artichokes 
(CTPTA) plays a key role in the identification of 
high yielding varieties of potatoes. Currently, 
Spunta and Nicola are the common varieties 
in Tunisia. Due to scarcity of water resources 
in the country, irrigation is the primary means 
of watering potato crops, supplemented by 
rainfall. Approximately 7% of the irrigated land in 
Tunisia is occupied by potatoes (Ghazouani et al., 
2019). Fertilizer—specifically nitrogen-based—is 
widely used because nitrogen is essential for 
tuber development. However, an excessive use 
of fertilizers remains challenging because it 
ultimately will have negative productivity effects 
(Marouani et al., 2015).
A considerable volume of the potatoes 
produced in Tunisia is directly consumed by 
households. As recorded by Blom-Zandstra et 
al. (2018), an estimated 22,000 to 25,000 tonnes 
of potatoes are consumed in the country each 
month. Surplus production is exported, mainly 
to Libya. Locally, potatoes are sold at the farm-
gate, by retailers, and in supermarkets. However, 
lack of storage and collection centres exposes 
the produce to wastage. Currently there is no 
wide-scale potato processing in the country. 
However, a few private companies make value-
added products like French fries, which are 
supplied to restaurants. Bottlenecks in the chain, 
such as high dependency on imported potato 
seeds, price fluctuations, and low mechanization, 
mean that farmers receive a low return on their 
investments. Interventions such as subsidies 
for potato seeds and price liberalization would 
be an incentive to the farmers to enhance their 
production.
2.4.2 Dairy
The dairy sector is a major contributor to 
the economy of Tunisia. Dairy constitutes 25% 
of total animal production, 11% of agricultural 
production, and 7% of the agro-food industry 
in Tunisia. Tunisia has a total of 437,000 dairy 
cattle distributed among 112,200 farms. While 
there are some large-scale dairy operations, 
production is dominated by small scale farmers; 
despite owning, on average, between one and 
five cows, small farmers produce 80% of the milk 
in the country (Abdennebi-Najar et al., 2019). 
By 2017, the annual production of milk stood 
at 1 424 000 000 litres (Soethoudt et al., 2018). 
Central Tunisia, specifically Sidi Bouzid, is the 
leading producer of milk, with a daily collection 
of 11-15% (around 239,000 litres) of the national 
milk volume (Zlaoui et al., 2019). Milk is the 
primary dairy product by consumption (56%), 
followed by yoghurt (19%) and cheese (15%). The 
average annual consumption stands at 117 litres 
per person (Abdennebi-Najar et al., 2019).
Production inputs are a limiting factor for 
milk production in Tunisia. Although silage 
and grass are available throughout the year, 
there is a variability in the quantity and quality of 
feed across the country. Due to the dry climate 
and lack of grazing areas, the primary source 
of nutrition for dairy cattle comes from feed 
concentrates, followed by hay. Green forage 
is at a distant third. Reliance on concentrates 
reduces the longevity of dairy cows (Zlaoui et 
al., 2019). Feed availability creates a disparity 
in milk quality among regions. For instance, the 
Northern region produces higher quality milk 
compared to the Central and South due to the 
availability of feed concentrates (Soethoudt et 
al., 2018). 
Widespread reliance on antibiotics can lead 
to milk contamination, thereby limiting 
supply. Antibiotics are widely used due to the 
prevalence of mastitis, a bacterial infection of 
the mammary glands that can cause major 
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Figure 2. Agriculture and livelihoods production losses. Widespread antibiotic use, 
however, can lead to environmental pollution 
and contamination of milk. Therefore, non-
antibiotic interventions to control mastitis, such 
as those being developed by the MILKQUA 
project, should be prioritized (Abdennebi-Najar 
et al., 2019).
  
The dairy sector has liberalized informal milk 
markets, leading to an increase in marketed 
milk and milk consumption. About 89% of the 
milk produced is sold, thus collection centres 
play an important role in linking farmers to the 
markets. Tunisia has an estimated 240 collection 
centres with a daily capacity of 2.8 million litres, 
representing almost 65% of the milk produced. 
(Soethoudt et al., 2018). Less formal markets exit, 
for example hawkers who collect milk directly 
from farmers and sell it to local wholesalers 
and retailers. Within Tunisia, there are 45 
processing units engaged in the production of 
milk and by-products such as yoghurt, cheese, 
and milk powder. There are challenges in these 
liberalized markets, however: inadequate milk 
collection centres and lack of on-farm cooling 
facilities have led to huge production losses. It is 
estimated that 432 million litres of milk is wasted 
annually, causing instability in market prices 
(Abdennebi-Najar et al., 2019).
2.5. Agricultural sector challenges
The agricultural sector in Tunisia is highly 
dependent on scant water resources that 
are being further strained by climate change 
effects. Tunisia experiences low and variable 
rainfall, which affects its small-scale production 
systems. According to Chebil et al.  (2019), 
rainfall in North Africa is expected to decrease 
by 10-20%, with Tunisia specifically experiencing 
a 28% decline in water availability by 2030. 
Unpredictable rainfall contributes to yield 
variability in major food and cash crops, affecting 
the income and health of many households. 
Sound water management and conservation 
strategies are necessary to minimize or 
neutralize the adverse impacts of water scarcity.
Sub-optimal natural resource management is 
a key challenge for the agricultural sector in 
Tunisia. The Tunisian government has expanded 
irrigated areas to support continuous production 
of agricultural commodities throughout the year. 
Currently, 8% of the agricultural area (45,000 
ha) in the country is under irrigation (Chebil 
et al., 2019). The challenge, however, lies in 
water losses from poor irrigation practices and 
increased soil salinization due to poor quality 
water. Radhouane (2018) notes that more than 
30% of the available water contains excess salt. 
Further, Blom-Zandstra et al. (2017) highlights 
that the decreasing organic matter and wind 
erosion have gradually led to a decline in soil 
fertility, posing a threat to crop and fodder 
production.
Another challenge in the Tunisian 
agricultural sector is the size of land holdings. 
Smallholder farmers dominate the production 
systems, with 75% of the farms occupying less 
than 10 ha of land. These small farms have a low 
mechanization rate and mostly depend on family 
labour. Farmers are generally unwilling to pay for 
extension services. Those who do face dwindling 
access due to a lack of workers. Insufficient 
extension services hinder the modernization of 
the agricultural sector. Extension services need 
to be strengthened and alternative methods, 
such as digital communication and traceability 
for monitoring, should be introduced to enhance 
knowledge development and training.
Apart from gains in irrigation, an absence of 
good infrastructure in Tunisia causes deficits 
in agricultural production. Insufficient storage 
and processing facilities for major value chain 
commodities like potato and milk have led to 
wastage and economic losses for farmers. The 
poor rural road infrastructure makes it difficult 
to market perishable agricultural products. 
Agricultural investments should prioritize 
technological innovations that minimize 
food wastage and construction of physical 
infrastructure. 
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» Tunisia is working on formulating policy addressing climate change at the national 
level, including policies on greenhouse gas (GHG) emissions, forest preservation, 
coastal adaptation, and the effects of climate change on public health.  
» It is necessary to improve the climate resiliency of women. 
» It is also necessary to protect particularly vulnerable sectors of the economy such as 
agriculture and tourism. 
3 . Policies, Strategies and 
Programs on Climate Change
Key messages
Tunisia currently lacks a solid policy on 
climate change following political8 changes. 
The country is progressively integrating 
climate change into its national policies, 
programs, and plans. Tunisia consented to 
the United Nations Framework Convention 
on Climate Change (UNFCC) and emphasized 
its responses to climate change in the energy 
sector (Republic of Tunisia, 2018). The National 
Climate Change Strategy (NCCS 2012) was 
formulated to reduce carbon emissions across 
the economy. To quantify and monitor carbon 
emissions, the Intended Nationally Determined 
Contribution (INDC 2017) was developed to 
ensure that the GHG emissions9 in all sectors 
were reduced in order to lower the country’s 
carbon intensity by 41% by the year 2030. The 
Nationally Appropriate Mitigation Actions (NAMA 
2010) also targets GHG emissions by integrating 
climate change into the various sectors of the 
economy, mainly the electricity, cement, waste 
water, agriculture, forestry, and building sectors. 
The Tunisian Solar Plan (TSP 2012) also aims 
to reach 30% renewable energy in Tunisian 
electricity generation by 2030. Plans to develop 
8 Major political changes were prompted in Tunisia in 2010, which saw the adoption of a new constitution in 2014. Climate change was 
then incorporated as a permanent feature.
9 Tunisia is ranked 78 out of 215 countries, contributing to 0.08% of global GHGs (Republic of Tunisia, 2018).
a Low Carbon Development Strategy (LCDS) are 
underway. The aim is to support a sustainable 
energy transition in the country.
There are, moreover, agricultural 
strategies addressing the management and 
preservation of natural resources that are 
adversely affected by climate change. Forests 
are an area of focus as evidenced by the National 
Strategy for Forest Conservation (2001) and the 
National Forest Program (NFP 2007). This is in 
combination with other strategies these have 
allowed Tunisia to increase the extent of forest 
cover in the country. Other national strategies 
that have been developed to combat climate 
change include the Strategy on the Adaptation 
of Agriculture and Ecosystems to Climate 
Change (2007), the Strategy on the Adaptation 
of the Public Health Sector to Climate Change 
(2010) and the Strategy on the Adaptation of the 
Coastal Zones to Climate Change (2008). 
Climate change adaptation needs to be 
worked into all levels of Tunisian governance 
and legislation. Women are key in Tunisia’s 
agricultural sector, so it is necessary to build 
their resilience to climate change and its 
effects (Verner, 2013). More effort towards 
incorporating gender considerations into 
Tunisia’s climate change response strategies 
is required. Further, climate adaptation needs 
to be both implemented at the local level and 
integrated into national policies and financial 
management systems. This can be achieved by 
involving the participation of civil society, the 
private sector, and academia. Finally, climate 
change policies need to take into consideration 
climate-vulnerable sectors such as agriculture, 
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» There are many ministries and organizations working on climate change 
adaptation and resilience in Tunisia. 
» Similarly, public-private partnerships are working on improving adaptation and 
resilience in the potato and dairy value chains.
» Further integration and coordination will enhance and support these efforts. 
Key messages
4 . Governance, institutional 
resources and capacity  
The Tunisian government has ministries that 
oversee aspects of climate change resilience 
and adaptation. The mandate of the Ministry 
of Agriculture, Water Resources, and Fisheries 
(MAHRP) covers agriculturally-related activities 
including production, sustainable development, 
and agricultural development. Climate change 
has greatly affected water availability, thus 
negatively impacting agricultural production. The 
MAHRP has entirely taken up the management 
and conservation of water resources. Tunisia’s 
Ministry of Environment (MEnv) regulates 
environmental issues. It has led the way for 
implementing climate change strategies through 
the establishment of a climate change action 
unit. The National Meteorology Institute (INM) 
oversees the national drought management 
system and thus disseminates climate-
related information. The Tunisian Institute of 
Agriculture Research (INRAT) conducts research 
on improved crop varieties, assessing their 
performance prior to their release in the market.
There have also been collaborations between 
the government and the private sector aimed 
at increasing the climate change resilience 
of dairy farmers. Through the GICs set up by 
GIZ, dairy farmers have been trained on semi-
industrial production of feeding blocks using 
crop residues, and business development 
and technical skills for dairy production. The 
introduction of innovative watering systems 
for cattle consumption and forage production 
have aided in enhancing dairy production. The 
provision of milk containers for milk cooling have 
helped farmers prevent post-harvest loses.
Apart from the GICs, dairy farmers have 
support from the Agricultural Extension 
and Training Agency (AVFA), that offers 
training and extension services to dairy 
farmers. The MILQUA project has fostered 
research and innovation partnerships in the 
Mediterranean area. It has encouraged the 
use of ICT to facilitate information exchange 
between farmers and other value chain actors 
and implemented a quality milk management 
program to enhance food security and milk 
quality. Large private sector companies, such as 
the main milk processors Delice Danone, Vitalait, 
and Laino, add value by processing milk into 
products such as cheese, powdered milk, and 
yoghurt. The Tunisian Dairy Board has helped to 
curb post-harvest losses by providing subsidies 
for milk collection centres. The International 
Center for Agricultural Research in the Dry Areas 
(ICARDA) helps farmers reduce post-harvest 
losses through the introduction of solar-powered 
milk cooling systems, and the International 
Development Research Centre (IDRC) has 
introduced business models that would upscale 
the adoption of feed choppers for mechanized 
feed processing. 
Public-private collaborations exist in the 
potato value chain as well. Through the GIZ, 
potato farmers have benefited from training 
on adjustments in growing seasons. There has 
also been technical support on organizational 
strengthening of the National Potato Center 
(CTPTA), and technical advice on productive 
potato varieties, potato cultivation and carbon 
sequestration. Farmers have also been provided 
with improved potato seedlings. Innovations on 
digital technology e.g. development of mobile 
app have helped in information sharing and 
decision making. The International Potato Centre 
(CIP) plays an important role in the potato 
value chain in Tunisia by promoting knowledge 
exchange and innovations to boost potato 
production. Similarly, CTPTA has introduced 
potato production technologies and provided 
technical services to potato farmers. 
There are still institutional gaps in the 
support of climate change adaptation 
and resilience. Verner (2013) maintains that 
the changing political revolution in Tunisia is 
likely to affect the institutional and financial 
environment. The government therefore needs 
to foster systematic cooperation between the 
sectoral institutions and local actors to address 
climate change in Tunisia. Focus should also be 
placed on low-cost adaptive strategies in the 
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» Fluctuations in temperature, changes in precipitation, and extreme weather events 
like hailstorms and drought are the primary climactic hazards in Tunisia. 
» Climatic projections depict a continuity in these trends, which will have a negligible 
effect on the suitability of crops in the major producing regions.
» Tunisian farmers are aware of climate change impacts, nonetheless climate 
information needs to be provided to enable them plan their planting calendar.    
Key messages
5 . Climate Change-Related 
Risks and Vulnerabilities
5.1. Farmers’ perceptions on 
climate change
Farmers’ perceptions of the risks associated 
with climate change are important for 
making the economic and environmental 
policies that will help them implement 
sustainable adaptation and mitigation 
strategies (Amamou et al., 2018). According 
to Verner (2013), climate change impacts vary 
across regions in Tunisia. The capacity to cope 
with these impacts is therefore subject to 
the perceptions of Tunisian farmers towards 
climate change. Even though some farmers 
have a neutral perception of the impact of 
climate change, a majority (more than 60%) are 
convinced that it has hampered agricultural 
production. Farmers generally evidence an 
awareness that climatic conditions have changed 
over the past two decades as temperatures 
have increased, rainfall has become increasingly 
erratic, and droughts have become more 
common. 
Farmers in the arid and semi-arid Southern 
and Central regions are the most challenged 
by these changes. Farmers here have a 
general feeling that the that rainy seasons 
and the cycle of wet and dry years have been 
altered. They note insufficient rainfall during 
the wet months coupled with intense storms, 
and several consecutive dry periods. Similarly, 
temperatures are at the peak of their ranges 
for both the summer and winter. Other climate 
change effects observed by local communities 
include a decline in crop and fodder yields, 
frequent occurrences of sandy winds (associated 
with drought), a slump in water flow from old 
water sources, the emergence of new crop and 
livestock diseases, and drying of olive and fig 
trees.
Due to Tunisia’s varied climate, there is need 
for region-specific adaptation strategies. 
Specificity could be improved across Tunisia 
by the establishment of early warning systems 
that give farmers weather projections, making 
it easier to predict their harvest.  Nonetheless, 
availing reliable and timely climate information, 
and administration of training and awareness 
programs to build farmers’ capacity are 
necessary steps in implementing precise 
adaptation strategies. 
5.2. Climate change and variability: 
historic and future trends
High temperature, drought, a decrease in 
the general length of rainy season, and 
hailstorms are the main climatic hazards 
affecting agricultural value chains in Tunisia. 
Historical data from the last three decades10 
indicates that July and August are the driest 
months in Northwest and Central West Tunisia 
(Figure 2). In Central West Tunisia, September is 
the wettest time of year, with an average rainfall 
of 35mm. In the Northwest, the highest amount 
rainfall (above 50mm) occurs between the 
months of November and January. In the first six 
months of the year, the maximum 5-day running 
average of precipitation in Northwest Tunisia 
(11mm) is twice the amount of the Central West 
(5mm). These averages increase slightly in the 
second season, to 12mm in the Northwest and 
7mm in Central West. 
During the past 30-year average (1981-2015), 
the highest and lowest temperature in 
Central West and North West of Tunisia were 
experienced in January. The total number of 
days with maximum temperature equal to or 
greater than 35°C was 7 days in the Northwest 
and 10 days in the Central West region during 
the first half of the year (Figure 3). The second 
half of the year recorded higher sustained 
temperatures in Central West Tunisia with an 
average of 50 days greater than 35°C, while in 
the Northwest the number of days dropped to 
10 The historical precipitation and temperature trends were analysed using data from CHIRPS (https://www.chc.ucsb.edu/data/chirps), and 
CHIRTS (https://www.chc.ucsb.edu/data/chirtsdaily).
11 The future projections are an ensemble of downscaled CMIP5 products described (Navarro-Racines et al 2020).
5. Rainfall and temperature variability resulted 
in sequential dry seasons. The second half of the 
year experienced longer dry spells, averaging 32 
consecutive dry days per year in the Northwest 
and 43 days in Central West Tunisia (Figure 4).
Climatic projections11 for the period of 2021-
2061 show that these temperature, rainfall, 
and dry season trends are likely to persist in 
the coming decades. Both the Northwest and 
Central West regions are likely to be exposed 
to heat stress. For instance, the total number 
of days with maximum temperature equal to or 
greater than 35°C is projected to almost triple in 
the first half of the year in the Northwest (from 
7 to 20 days) and Central West (from 10 to 27 
days). In the second half of the year, the number 
of days with excessive heat could increase to 75 
in the Central West region (Figure 3). Similarly, an 
increase in the number of consecutive dry days 
is projected, especially in the first six months of 
the year, up to 53 in the Northwest and 52 in the 
Central West (Figure 4), indicating the likelihood 
of prolonged dry spells. However, there will 
be a slight increase in the maximum 5-day 
running average precipitation in both the first 
and second seasons in the two regions, with an 
overall increase of 2 to 5 days. 
Figure 3. Historical monthly mean temperature and precipitation (average of last 30 years) for the 
North West district of Tunisia. Bars represent total monthly precipitation, whereas lines represent 
maximum (blue line) and minimum (red line) monthly mean temperatures.      
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Figure 4. Historical (right), future projected (center), and projected change (right) for the total number 
of days with maximum temperature greater or equal to 35°C in season 1 (average of last 30 years) for 
the North West and Central West districts of Tunisia
      
Figure 5. Historical (left), future projected (center) and projected change (right) for the maximum 
number of consecutive dry days within season 1 (average of last 30 years) for the North West and 
Central West districts of Tunisia
Figure 6. Historical (left), future projected (center) and projected change (right) for the number of 
moisture stress days within season 1 (average of last 30 years) for the North West and Central West 
districts of Tunisia
5.3.  Crop suitability analysis
Potato farmers need to boost their capacity 
to deal with the climactic risks in Tunisia, 
specifically drought. A crop suitability12 
analysis was conducted using the Eco-Crop 
model (Ramirez-Villegas et al. 2013), based 
on temperature and precipitation thresholds 
identified by experts.  In the period  1960-1990, 
most of Northwest and Central West regions 
had a moderate (40-80%) suitability for potato 
production. A few areas were highly suitable 
for production, mostly in the East of the Central 
West region.
12 Suitability is measured as the cumulative percentage of area under a crop
13 A Representative Concentration Pathway (RCP) shows the concentration of GHGs, which is an indication of global warming (indicating 
increasing temperatures). Four RCPs are widely used; 2.6, 4.5, 6, and 8.5, whereby a greater RCP represents a higher concentration of 
GHGs.
Given the prevailing changing climate 
scenarios, the suitability of potatoes is 
slightly changing in the coming decades. At an 
RCP13 of 8.5, the analysis shows that by 2050, the 
suitability of potatoes in the Central West region 
will remain mostly the same. The North West 
region will experience a change, from moderate 
(40-80%) to high suitability (80-100%) (Figures 6 
and 7). 
    
Figure 7. Historical and future (scenario RCP 8.5, periods 2030 and 2050) suitability of heat tolerant 
potato production in the selected regions of Tunisia
24 25
Adapting Green Innovation Centres to climate change: analysis of value chain adaptation potential Potato and dairy value chains in North West and Central West Tunisia
Figure 8. Suitability change of heat tolerant potato production in the selected regions of Tunisia reduces tuber growth, ultimately affecting the 
quality of yield. It is estimated that changes in 
water availability result in yield losses of -0.2 to 
-0.4% in Tunisia (Rezig et al. (2010). Tunisia is 
also susceptible to salinity in the water table. 
While surface water has low salinity, 84% of 
all groundwater resources in Tunisia have 
salinity levels of more than 1.5 g/l and 30% of 
shallow aquifers have levels in excess of 4.0 g/l. 
Salinity in irrigation water leads to reduction in 
potato yield. Ghazouani et al. (2019) add that 
the seasonal droughts in Tunisia necessitate 
increased use of highly salinized ground water. 
An overall increase of 1.0 dS/m15 in water 
electrical conductivity, a proxy for salinity, 
caused a 10% yield decline for potatoes. While 
water availability is important at all stages of on-
farm potato production, the severity of hailstorm 
damage depends on the stage of the crop. While 
young potato plants might recover from hail, 
older plants may not. Nonetheless, hailstorms 
can affect approximately 30 tonnes/ha (yield) 
of potato tubers, especially if they strike when 
the blooming stage is incomplete (Beukema and 
Vander Zaag, 1990). 
 
5.4.2 Dairy
Tunisia’s dairy value chain is mainly affected 
by high temperature and a decrease in 
general length of the rainy season. High 
temperatures have a major impact on all the 
stages of the value chain while the decreased 
rainy season primarily affects the input 
acquisition and on-farm production stages. 
According to (Verner et al. (2018), water is an 
essential requirement for dairy production, 
because Tunisia relies on a rain-fed fodder 
production system which is dependent on 
the length of rainy season. Decreased rainfall 
reduces quantity and fibre content of fodder, 
which ultimately affects the protein and fat 
content of milk. Additionally, water is a key 
requirement for milking cattle and hygienic 
animal practices; when rainfall decreases 
and water availability falls, dairy cattle are 
15 A dS/m (deciSiemens per metre) is a unit used for measuring the electrical conductivity (EC) which quantifies soil and water salinity
increasingly exposed to diseases like mastitis. 
Salem & Bouraoui (2010) show that excessive 
temperatures cause heat stress which has a 
negative effect on dairy cattle performance. 
Exposure to high temperatures can result in 
a 10% decline in milk yield per cow. Similarly, 
Verner et al. (2018) note that temperatures 
exceeding the normal range double the water 
consumption rate of dairy cattle; exceeding 
26.2°C is expected to decrease milk production. 
High temperatures also have implications for 
post-harvest losses, due to limited cooling 
facilities at the farm level that lead to spoilage 
and wastage. 
5.4. Climate vulnerabilities across 
agriculture value chain 
commodities
Climate variability has repercussions on 
agricultural production like reduced yields 
and food shortages. High temperatures, a 
decrease in the general length of the rainy 
season, hailstorms and drought are the hazards 
with the highest impact on the potato and 
dairy value chains in Tunisia. The impacts are 
discussed in the following sections. 
14 A total of 11 experts were interviewed in the two value chains. Whereas the dairy value chain had a total of 8, the potato value chain had 
4 experts, of which 1 was a respondent in both the two value chains (See Annexe – Table 6)
5.4.1 Potato
The experts14 reported that hailstorms and 
drought were the biggest challenges to 
potato production. These climate risks are 
more pronounced at the on-farm production 
and post-harvest stages, with minor to moderate 
impacts at the input acquisition and marketing 
stages. Potatoes have a water requirement 
of 400-500mm during the growing season; 
any deficits would be a setback to production. 
At the early developmental stages, drought 
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» Adaptation strategies designed to sustain yields are key in the potato value chain; 
these include fertilizer use, drip irrigation systems, and protective measures 
against extreme weather events like hailstorms. 
» In the dairy value chain, adaptation strategies focus on managing performance 
through increased quality and quantity of fodder, decreased reliance on 
antibiotics, and provision of shade and water to reduce heat stress. 
» Adaptation of these strategies is however restricted by inadequate financial 
capital.
6 . Adaptation to Climate Change and Variability
Key messages
Climate change effects on the dairy and 
potato value chains have led to variability in 
yields and a general decrease in cultivated 
area or flock numbers. To deal with these 
variabilities, adaptation strategies have been 
put in place. Some of these are specific to each 
value chain, while others are cross-cutting—for 
instance, the expansion of irrigated areas (Chebil 
et al., 2019). Potential adaptation strategies can 
help farmers cope with the effects of climate 
change (Table 1). Adaptation is, however, limited 
by a lack of access to financial capital. This leads 
to poor agronomic practices, underutilization of 
breeds and varieties that can withstand harsh 
climactic conditions, and constrained investment 
in improved production technologies.
6.1. On-farm adaptation strategies
6.1.1 Potato
For potato farmers, adaptation strategies 
designed to sustain yields are key. Some 
are aimed at input maximization, including the 
use of nitrogen fertilizers to boost production 
(Marouani et al., 2015). Efficient water use, 
through mechanisms such as drip irrigation, has 
also proven to be effective in sustaining yields 
(Ghazouani et al., 2018). Some farmers have 
adopted intercropping within irrigated areas to 
enhance potato yields (Rezig et al., 2010). Other 
strategies used by farmers include planting 
of potatoes along seashores, altering planting 
dates, applying farmyard manure, planting 
potatoes in controlled environments, and 
planting their own potato seeds. Crop insurance 
has the potential of cushioning, and helping 
farmers recover from damages from agricultural 
risks like hail storms. However, the low diffusion 
(less than 8% of farmers insured) of agricultural 
insurance among small holder farmers in 
Tunisia is a limiting factor (Troy, 2013). Other 
strategies like the use of anti-hail nets to manage 
hailstorms could also be beneficial to farmers 
in Tunisia. The GICs have also emphasized on 
building the capacity of farmers in order to 
increase their adaptive capacity, for instance, 
through training farmers on good agricultural 
practices (GAPs), offering advisory services on 
the use of improved varieties, and encouraging 
innovations in digital technology (such as mobile 
phone apps) for information dissemination. 
6.1.2 Dairy
For dairy farmers, adaptation is inclined 
towards strategies that maintain the 
performance of dairy cattle. According to 
Salem & Bouraoui (2010) these include feeding 
strategies (such as frequent distribution of 
concentrates and adjustment of feeding ratios), 
choosing appropriate breeds of cattle, and 
construction of proper housing to provide 
shade. Tadesse (2018) emphasizes the use of 
breeding systems to ensure that cattle breeds 
are adapted to changing climate scenarios. 
Other strategies, such as building fodder 
reserves during dry seasons, adjusting calving 
periods, and ensuring systems that allow cows 
access to drinking water when they want it are 
also in use. Similarly, the GICs have invested in 
building the capacity of dairy farmers to enable 
them employ sound adaptation strategies. This 
has been accomplished through training on 
semi-industrial production of feeding blocks 
using alternatives like crop residues, offering 
technical skills training for dairy production, the 
introduction of innovative watering systems for 
cattle consumption and forage production, and 
provision of milk cooling containers.





Chain                       
DAIRY
Value
Chain                                  
Climate services • Climate information
• Digital technology for information 
dissemination
• Early warning systems
• Early warning systems
Diet & grazing 
management
• Feeding strategies
• Adjustment of feeding ratios
• Distribution of concentrates
• Mechanized feeding
• Production of feeding blocks
• Building fodder reserves*
• Crop residues
• Capacity building 
Disease & Integrated 
Pest Management
• Fungicide use
Fertilizer management • Fertilizer application*
• Nitrogen fertilizer applications
Improved processing • Improved processing options
Production best 
practices





• Adjust calving period
• Provide shade with housing 
structures
• Installation of cooling systems, e.g. 
fans in livestock buildings 
Genetic improvement • Improved, modern seed varieties • Rearing cattle breeds appropriate for 
the changing climate conditions
28 29





Chain                       
DAIRY
Value
Chain                                  
Water management • Expansion of irrigated areas*
• Irrigation management and new 
technologies for irrigation control
• Planting potatoes in irrigated areas
• Drip irrigation
• Internet controlled technologies
• Use of ad libitum drinking water for 
cows




• Potato tuber storage in a controlled 
environment
• Milk containers for cooling
• Solar powered milk cooling systems
• Value addition
Crop insurance • Crop insurance
*Denotes that this is the highest-ranked adaptation strategy for its respective value chain. 
6.2. Overall ranking of the 
adaptation strategies
A literature review helped in the 
identification of farmers’ current adaptation 
strategies. This entailed traditional CSA 
practices used by farmers, and modern practices 
introduced by development organizations 
including GIZ. Similarly, a list of all hazards that 
affected production in the three value chains 
was compiled. Experts were then tasked with 
identifying the two hazards that impacted each 
value chain the most. Then, the experts chose 
the two most promising adaptation strategies 
for each of the two hazards at every stage of 
the value chain (input acquisition, on-farm 
production, post-harvest and marketing). All the 
promising strategies were then ranked on a scale 
of 1-8, where the value 1 implied a highly-ranked 
strategy and 8 a low one. The final ranking 
resulted in two strategies for each hazard in 
each value chain.
For the potato value chain, adaptation 
against hailstorms are challenging, while 
irrigation is promising against drought. While 
fertilizer application was highly ranked (value 
of 1) as a promising adaptation strategy for the 
hailstorm risk, the use of fungicides was ranked 
at a value of 8; this is because there are few 
solutions to control for hail, while resources for 
chemical application are readily available, and 
will improve yields regardless. Against drought 
hazards, the production of potatoes in irrigated 
areas (value of 3.5) and irrigation management 
either in drip systems or through the use of 
Internet-controlled technologies (ICT) (value of 
1) were highly ranked. The methods for these 
strategies are simple, low-risk, and low-cost for 
farmers. 
Within the dairy value chain, adaptations 
aimed at feed production and water 
availability were highly ranked. Building of 
fodder reserves was highly ranked (value of 
1) for dealing with the decrease in the general 
length of the rainy season. The use of ad libitum 
systems, in which water is made continually 
available for livestock was highly ranked (value 
of 3.5) for coping with high temperature. The use 
of innovative watering systems for cattle feeding 
were highly ranked for both hazards (Table 2). 
The adaptation strategies against the decrease in 
rainfall were chosen because they are effective 
for both fodder production and for the dairy 
cattle themselves. High temperature adaptation 
strategies are affordable and easy for farmers to 
implement.




Drought • Increases 
irrigation costs
• Increases costs of 
inputs (seeds and 
fertilizer)
• Inhibits tuber 
growth and 
development
• Increases soil 
salinity
• Yield reductions









• Planting potatoes in irrigated areas
• Fertilizer application
• Storage of potato tubers in a controlled environment
• Irrigation management, including new technologies for irrigation control
• Agricultural mechanization
Hailstorms • Wastage of farm 
inputs
• Disruption of 
farming activities
• Destruction of 
crops in the field
• Yield reductions
• Reduced quality 
of yields 
• Losses in farm 
income 
Magnitude of 




NB: due to the random 
nature of hailstorms, 
strategies against this 
hazard include those 
directed at improving crop 
output generally
• Use of anti-hail nets
• Crop insurance
• Application of fertilizer
• Use of fungicides
Strategies to mitigate both hazards
Farmers’ coping 
strategies
• Practice farming with monocultures
• Storing potato tubers in controlled 
environments
• Use of farmyard manure
• Intercropping and mixed cropping
• Planting of potatoes within irrigated 
perimeters
• Use of drip irrigation




• Adjustments to planting calendars
• Use of improved seedlings
• Use of climate information
• Application of inorganic fertilizers
• Use of fungicides to control for diseases
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• High cost of inputs 
like water and feed 





• Reduction in milk 
yields
• Post-harvest losses 
due to lack of 
cooling facilities
• Low prices for milk
Magnitude of 




• Providing shade with housing structures 
• Installation of cooling systems, e.g. fans in livestock buildings
• Use of milk containers for cooling
• Use of ad libitum water drinking for cows
Decreased 
length of rainy 
season 
• Scarcity of fodder
• High cost of 
inputs (fodder and 
medicine)
• Deficit in dietary 
requirements for 
dairy cattle
• Exposure to 
diseases, e.g. 
mastitis
• Reduced milk 
output
• Reduced milk 
quality (low 
protein and fat 
content)
• Low prices for milk









• Adjusting calving periods
• Innovative watering system for cattle feeding
• Building fodder reserves
• Rearing cattle breeds appropriate for the changing climatic conditions
Strategies to mitigate both hazards
Farmers’ coping 
strategies
• Spraying cold water directly on cattle
• Change in feeding strategies, e.g. distribution of concentrates, adjusting feeding ratio
• Selecting appropriate breeds of cattle
• Changes to housing structures, e.g. adding cooling fans




• Production of feeding blocks 
• Use of innovative watering systems 
• Use of solar powered milk cooling systems
• Value addition
6.3. Cost benefit analysis of the prioritized adaptation strategies
» CBA was computed for the highest-ranked innovations in the potato and dairy value 
chains.
» The use of drip irrigation during drought increases productivity and profitability 
of potatoes. However, it is a risky investment with high capital requirement and 
implementation costs.
» The use of innovative watering system for feeding cattle during periods of high 
temperature also improved milk production and profits. It is however a low risk 
investment.
Key messages
A cost-and-benefit analysis (CBA) is critical 
when making investment decisions, including 
those associated with CSA practices. This 
is because CBA allows for the comparison of 
costs and returns associated with a given CSA 
innovation when compared to those already 
existing (or business as usual) (Ng’ang’a et al., 
2017). In CBA, three CBA indicators16, the Net 
Present Value (NPV), Internal Rate of Return 
(IRR), and payback period are normally used 
to assess the profitability associated with an 
improved practice or innovation. 
In this report, CBA was computed for the 
highest-ranked innovation for potato and 
dairy value chains, specifically, the use 
of drip irrigation system and innovative 
watering system for cattle feeding in 
potato production and dairy value chain 
respectively. The use of drip irrigation in 
potatoes was considered a priority because 
it improves the yields when compared to the 
conventional practice or traditional irrigation 
systems. Drip irrigation has a lifespan of about 
10 years. The use of an innovative watering 
system for cattle feeding was considered a 
priority because it saves on quantity if water 
utilized and maintains water cleanliness in 
Tunisia and has a life span of about 5 years.
16 The NPV measures the incremental flow of net benefits from the innovation over its lifecycle, while the IRR is the discount rate (10% in 
this case) that equates NPV to 0. A higher IRR (normally denoted by r) indicates a high profitability potential. Payback period is the num-
ber of years it takes to recoup the initial investment.
17 Traditional irrigation system, conventional irrigation system and business as usual are used synonymously in the CBA reporting.
The implementation of both drip irrigation 
systems in potato production and innovative 
watering system for cattle feeding requires 
a large capital compared to BAU. This is 
because drip irrigation and an innovative 
watering system require about 253% and 7% 
more capital than what is required for BAU 
respectively (Table 3). The cost of maintaining 
drip irrigation was 6% and less than 1% for drip 
irrigation and an innovative watering system 
for cattle respectively when compared to that 
of BAU. There was no change in the operation 
costs for both drip irrigation and an innovative 
watering system. The main benefit arising from 
the use of drip irrigation in potato production 
and the use of drip irrigation and the use of 
innovative watering systems for cattle feeding, 
therefore, was associated with the decrease 
in the maintenance costs and the increase of 
about 67% and 85% in yield per hectare for 
drip irrigation and innovative watering system 
for cattle feeding respectively (Figure 8). The 
reduction in maintenance cost for the use of drip 
irrigation as compared to BAU is attributed to 
the reduction in the volume of irrigation water 
used as a result of the water use efficiency 
that is associated with the introduction of drip 
irrigation as opposed to the traditional irrigation 
or conventional irrigation system17.
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Table 3. Summary information on Installation cost for business as usual (BAU) and use of drip irriga-


























Per hectare 704 2,961 6,615 9,432 0 0
% change in cost 
when drip irrigation is 
compared with the BAU




Per hectare 4,667 16,003 38,186 50,094 2,830 5,180
% change in cost when 
innovative watering is 
compared with the BAU
2,908 3,452 14,148 15,357 4,220 6,940
 
Figure 9. Yield for Business as usual versus the use of drip irrigation and innovative watering for cattle 
keeping in potatoes and milk value chain in Tunisia
The risk associated with adopting the use 
of drip irrigation in potato production was 
modelled using Monte Carlo simulation 
(n=10000). The result showing the probability of 
losing money after investing in the use of drip 
irrigation and an innovative watering system 
is summarized in column 6 in Table 4. The 
results show that, on one hand, the likelihood 
or risk of losing money invested in the use of 
drip irrigation given the characteristics of the 
cumulative density function of expressing the 
probability of the NPV of being less than or 
equal to the costs of adopting this innovation 
(i.e., the high implementation cost and the 
low maintenance costs) is significantly high 
(approximately 57%). On the other hand, the 
use of innovative watering systems for cattle 
feeding was not risky at all, as the probability of 
losing invested capital is zero. This means that, 
although using drip irrigation has promising 
returns, investing in it is also risky because the 
likelihood of losing invested money is more than 
50% (Table 4). 
The high implementation costs (Table 4) 
associated with the use of drip irrigation 
could also explain why this innovation takes 
at least 4 years to achieve a break-even point. 
This implies that although this innovation is 
promising, based on the prioritization results, 
without sufficient financial support a majority 
of the farmers may not adopt this innovation in 
the end. High implementation cost and a longer 
payback period may, therefore, act as a barrier 
to the adoption and scaling up of drip irrigation 
















Business as usual Use of drip irrigation
Use of drip irrigation system
Innovative watering system for cattle feeding
The NPV associated with drip irrigation 
and innovative watering system for cattle 
feeding was on average USD 21,800 and 
USD 5,279 respectively over their lifecycle 
per hectare (Table 4). The IRR associated 
with drip irrigation and an innovative watering 
system for cattle feeding was on average is 
62% and 330% respectively, both of which are 
higher than the prevailing discount rate of 6%. 
Investing in the use of drip irrigation for potato 
production and innovative watering system for 
cattle feeding had a payback period of 4 and 1 
year(s) respectively (Table 4), meaning that while 
the use of drip irrigation in potato production 
could be quite appealing to farmers because 
of the relatively short payback period, the use 
of an innovative watering system for cattle 
feeding was highly profitable. In the case of drip 
irrigation, a payback of 4 years, is long, especially 
when considering smallholder farmers, and may 
act as a barrier for adoption and scaling up of 
innovations. 
Table 4. Summary information on profitability associated with investing in the use of drip irrigation 










Potatoes Drip irrigation 21,800 More than 
62% (>r)
4 A farmer has about 57% 





5,279 More than 
303 % (>r)
1 A farmer has a 0% 
probability of making 
unprofitable returns
NB: >r implies that the practice is privately profitable per hectare basis. 
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7 . Synthesis and Recommendations
Climatic predictions show that high 
temperatures, drought, hailstorms, and 
a decrease in the general length of the 
rainy season are risks for the potato and 
dairy value chains in Tunisia. Unless proper 
interventions are put into place, climate impacts 
will be exacerbated by inadequate financial 
capacity to invest in farm mechanization, 
application of poor agronomic practices, 
underutilization of improved animal breeds and 
crop varieties, and a lack of timely access to 
climate information. It is therefore necessary to 
assess the implications of climate change, judge 
adaptive interventions, and develop adequate 
measures to improve household resilience to 
climate change.
Dairy farmers’ adaptations focus on 
improved management practices to maintain 
the performance of cattle. These include 
the construction of improved cattle housing, 
changes in feeding strategies (e.g. frequent 
distribution of concentrates and adjustment of 
feeding ratios), the use of appropriate breeds 
of cattle, building fodder reserves, and the 
adoption of ad libitum water systems for cows. 
Services, like providing farmers with accurate 
and up-to-date climate information, are 
important for planning the farming calendar. 
Most of the adaptation strategies for potato 
production are aimed at effective input use 
at the on-farm level. For example, the use of 
inorganic fertilizers, efficient water use (e.g. drip 
irrigation), crop management (e.g. intercropping 
and crop diversification), altering planting dates, 
and the use of improved varieties of potatoes all 
address on-farm production. 
CBA is a very important evaluation tool, 
especially when an investment decision 
needs to be made. The use of drip irrigation 
for potato production, and innovative watering 
system for cattle feeding in dairy production 
are a ‘no-regret option’. This implies that they 
have the potential to yield economic benefits 
now and in the future and could, therefore, 
play an important role in strengthening future 
household resilience. Both the use of drip 
irrigation in potato production and the use of 
an innovative watering system for cattle feeding 
are profitable and have high IRRs, and this 
could explain why these innovations emerged 
as a strong choice for stakeholders during the 
prioritization process. However, care needs 
to be taken when advising farmers to invest 
any of these practices as they require large 
upfront investment capital, which increases 
the likelihood of being unprofitable (e.g., in 
the case of drip irrigation). Given that GIC is 
interested in identifying innovations that can 
produce desirable outcomes for a majority of 
smallholder farmers in Tunisia, the summarized 
CBA results are crucial when it comes to making 
investments, particularly when high investment 
costs may not be appealing to a majority of the 
smallholder farmers. 
Women need to be empowered with skills 
and resources that reduce their vulnerability 
to climate change. Women have always 
been active in the Tunisian agricultural sector. 
However, they are considered invisible actors 
due to their marginalization. They are prevented 
from making key agricultural decisions such as 
land and water use. They are also more likely to 
be engaged in small-scale animal husbandry and 
seasonal farm labour. 
Presently, Tunisia has the institutional 
capacity to deal with climate change, 
although there are challenges hampering 
its adaptation efforts. Organized cooperation 
between sectoral institutions and local 
stakeholders can facilitate overcoming these 
challenges. Several strategies, programs, and 
plans have been formulated to incorporate 
climate change as part of the country’s 
development agenda. Still, these efforts can be 
built upon in order to support the resilience 
of households, for example, by strengthening 
policies on water and formulating climate 
change policies that are gender sensitive. 
 
Going forward, a variety of opportunities for 
collaboration, funding, and synergies exist for 
these practices (Table 5). Several organizations 
are well positioned to offer general support 
across many potential activities. For example, 
GIZ works in climate services, cattle grazing 
and diet management, variety improvement, 
storage and post-harvest, finance, water 
management, and production best practices. 
Several federal policies broadly address climate 
change adaptation and mitigation, including the 
National Climate Change Strategy, The Nationally 
Appropriate Mitigation Actions, Tunisian Solar 
Plan, Low Carbon Development Strategy, 
Adaptation of Agriculture and Ecosystems to 
Climate Change Strategy, Adaptation of the 
Public Health Sector to Climate Change Strategy, 
and the Adaptation of the Coastal Zones 
to Climate Change Strategy. Governmental 
organizations such as the Ministry of Agriculture, 
Water Resources, and Fisheries, the Ministry 
of Environment, The National Meteorology 
Institute, Agricultural Extension and Training 
Agency, the Tunisian Institute of Agriculture 
Research, and the Tunisian Dairy Board have 
mandates and programming relevant to climate 
resiliency. Several international institutes also 
work in the general climate space, such as 
GIZ, the International Center for Agricultural 
Research in the Dry Areas (ICARDA), International 
Development Research Centre (IDRC), 
International Potato Centre (CIP), International 
Center for Tropical Agriculture (CIAT), and the 
Consultative Group on International Agricultural 
Research (CGIAR). 
Further, several barriers challenge the 
general implementation of climate-aware 
policy in Tunisia. Cooperation challenges 
between local stakeholders and Tunisian 
institutions are commonplace. There is 
inadequate financial capacity across both value 
chains to invest in climate-smart advancements. 
In addition, women are marginalized and 
prevented from making key agricultural 
decisions regarding land and water use. 
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• National Climate Change 
Strategy
• Intended Nationally 
Determined Contribution
• The Nationally 
Appropriate Mitigation 
Actions
• Tunisian Solar Plan
• Low Carbon Development 
Strategy
• Adaptation of Agriculture 
and Ecosystems to 
Climate Change Strategy
• Adaptation of the Public 
Health Sector to Climate 
Change Strategy
• Adaptation of the Coastal 
Zones to Climate Change 
Strategy
• Ministry of Environment
• National Meteorology 
Institute
• German Society for 
International Cooperation
Farm level barriers:
• Confidence in weather 
forecasts
• Limited access to 
forecasts
Institutional barriers:
• Low access to 
information and 
extension services
• Reliable and timely 
climate information
• Lack of administration 
of farmer capacity 
building
• Public and private 































• International Institute of 
Tropical Agriculture







• Inconsistent extension 
services
• Poor financial service 
availability
• Good potential 
for green blended 
finance, using public 






in long-term land 
productivity























• Poor energy access 
creates competing 
needs for organic 
residues
Institutional barriers:**
• Inconsistent extension 
services
• Poor financial service 
availability
• Good potential 
for green blended 
finance, using public 






in long-term land 
productivity





































• Inconsistent extension 
services
• Poor financial service 
availability
• Good potential 
for green blended 
finance, using public 









• Supports climate 
resiliency and 
yields, maximizes 




















• Ministry of Agriculture, 
Water Resources, and 
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• German Society for 
International Cooperation
• International Potato 






• Inconsistent extension 
services
• Weak finance services
• Labor shortages
• Blended finance, 
using public funds 
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out of beneficial 
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• High potential 
for private sector 
investing
• Best processing 
practices reduce 
losses in storage 
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• Tunisian Institute of 
Agriculture Research
• German Society for 
International Cooperation
• International Potato 
Centre
• National Potato Centre
Farm level barriers:
• Financial constraints
• Considerable capital 
required
• Limited availability 
• 
Institutional barriers:
• Inadequate access to 
inputs
• Low access to finance
• Knowledge gaps
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• Poor availability of 
farmer-targeted 
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